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TESTS OF CONSERVATION LAWS
Revised by L. Wolfenstein and T.G. Trippe, May 2000.

In keeping with the current interest in tests of conservation laws, we collect
together a Table of experimental limits on all weak and electromagnetic
decays, mass differences, and moments, and on a few reactions, whose ob-
servation would violate conservation laws. The Table is given only in the
tull Rewew of Particle Physics, not in the Particle Physics Booklet. For the
benefit of Booklet readers, we include the best limits from the Table in the
following text. Limits in this text are for CL=90% unless otherwise spec-
ified. The Table is in two parts: “Discrete Space-Time Symmetries,” i.e.,
C, P, T, CP, and CPT; and “Number Conservation Laws,” .e., lepton,
baryon, hadronic Havor, and charge conservation. The references for these
data can be found in the the Particle Listings in the Rewiew. A discussion
of these tests follows.



CP VIOLATION OBSERVED

charge asymmetry in KO decays

S(p) = [M(=x~ ;;ﬁi,) — (=T u=7,)]/sum (0.304 & 0.025)%
S(e) = [[(z~ eTwv,) — [(xT e~ 7,)]/sum (0.333 £ 0.014)%
parameters for K'g — 27 decay
Inoo| = |A(KY — 2x0)/ (2.262 & 0.017) x 103
A(KUS — E:rrﬂ]l
Inp_|=|AK) = = T77) / A(KKS — (2.276 + 0.017) x 103
)|
e'/e ~ Re(e'fe) = (1~|ngg/ny_|)/3 [e] (2.1 +£05)x1073 (S =1.6)
¢4 _, phase of ny _ (43.3 4+ 0.5)°
Pgp. phase of ngg (43.2 + 1.0)°
CP asymmetry A in K'E — gt x—eter (13.6 = 2.8)%
parameters for KE — 7T 7 ~ decay
Iny_~| = |AK) = atx=~, CP (2.35 £ 0.07) x 1073
violating)ﬂl(h’g — 7t a5
'Ir’—l-—‘r' = phase of My n (44 + 4)°
MKY — =t 77)/Tiotal (2.056 =+ 0.033) x 1073

r[(K9 — 7979)/Tiotal (9.27 + 0.19) x 104



12. CP violation 1
12. CP VIOLATION

Revised April 2000 by L. Wolfenstein (Carnegie-Mellon Univ.).

The symmetries C' (particle-antiparticle interchange) and P (space inversion) hold for
strong and electromagnetic interactions. After the discovery of large ' and P violation
in the weak interactions, it appeared that the product C'FP was a good symmetry. In 1964
C P violation was observed in K decays at a level given by the parameter e &z 2.3 » 1079,
Larger €' P-violation effects are anticipated in BY decays.

12.1. CP violation in Kaon decay

From the experimental measurements, one finds

e =(2.271+0.017) x 107¥, (12.8a)
Re(e /e) m & fe = (2.1 £ 0.5) x 1073, (12.8b)
b4 =435+ 0.5° (12.8¢)
do0-0d4+- = —0.1£0.8, (12.8d)
§=1(3.33+0.14) x 107% (12.8¢)

12.2. CP violation in B decay

For 2002 edition, maybe add B CP results (or cross-ref to CKM).
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Computer-readable files

* Cross-section data Hadronic total and elastic cross sections ws. laboratory momentum and total center-of-mass energy.
s Summaries of particle properties. The Particle Data Group plans to provide computer-readable versions of Summary Table
information from the Eewiew of Particle Physics.

s A table of masses, widths, and PDG Monte Carloe patticle tmbers 13 produced around Summer of even-munbered years
after production of the Eewiew of Particle Physics. Documentation appears at the front of the data. (Updated August 18,
2000).

s Palm Pilot Products: Physical constants, astrophysical constants and particle propetties are avalable i a new application
{June 1, 2000). The above takle of masses, widths, and PDiG Monte Catle particle numbers 15 available as a MokideDE
database (August &, 1999). Theze will be updated in fall 2000 for the 2000 Edition of the Eewiew.

& The PDG Monte Carlo particle numbermg scheme 15 a particle numbenng systemn for use m mterfacing different honte
Carle event generators and detector simulators. These have been updated for the 2000 Edition of the Eewview.
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30. Monte Carlo particle numbering scheme 1

30. MONTE CARLO PARTICLE
NUMBERING SCHEME

Revised April 2000 by L. Garren (Fermilab), I.G. Knowles (Edinburgh U.), T. Sjostrand
(Lund U.), and T. Trippe (LBNL).

The Monte Carlo particle numbering scheme presented here is intended to facilitate
interfacing between event generators, detector simulators, and analysis packages used
in particle physics. The numbering scheme was introduced in 1988 [1] and a revised
version [2,3] was adopted in 1998 in order to allow systematic inclusion of quark
model states which are as yet undiscovered and hypothetical particles such as SUSY
particles. The numbering scheme is used in several event generators, e.g. HERWIG and
PYTHIA/JETSET, and in the /HEPEVT/ [4] standard interface.

The general form is a 7—digit number:

+n ny nL ng, Ng, Ngq NJ .

This encodes information about the particle’s spin, flavor content, and internal quantum
numbers. The details are as follows:

1. Particles are given positive numbers, antiparticles negative numbers. The PDG
convention for mesons is used, so that K+ and B are particles.

2. Quarks and leptons are numbered consecutively starting from 1 and 11 respectively; to
do this they are first ordered by family and within families by weak isospin.

3. In composite quark systems (diguarks, mesons, and baryons) ng,_, are quark numbers
used to specify the quark content, while the rightmost digit ny = 2J + 1 gives the

. . -0 -0 . .

system’s spin (except for the K¢ and K7 ). The scheme does not cover particles of spin

J > 4.
|
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_? LIGHT I =1 MESONS LIGHT I = 0 MESONS STRANGE
i3 7l 111 (uw, dd, and s Admixtures) MESONS
w L 211 7 291 K} 130
| unfﬂﬁﬂ}ﬂ 9000111 ﬂ:{gsg} 231 Kg. 310
- +
= aq(980)7 9000211 fo(400-1200) 9000221 K° 311
+5 :-r{lﬂﬂﬂ}Jr 100111 £(980) 9010221 i*{] 500 m;i}
ap(1450)° 10111 fo(1370) 10991 K3 (1430)* 10321
= ap(1450)F 10211 n(1440) 100331 K(1460)° 100311
= (180017 200111 fo(1500) 9020221 K(1460)" 100321
7(1800)+ 200211 £5(1710) 10331* K(1830)" 200311
p(770)° 113 2(1760) 200291 K(1830)F 200321
p(TT0)* 213 fo(2020) 9030221" K3 (1950)" 9000311
by (1235)° 10113 £4(2060) 0040221* Kr(1950)t 9000321
* +
a1(1260)° 20113 n(2225) 9060221 K*(892)" 323 |
a1(1260)" 20213 w(782) 993 K (1270) 10313
m1(1400)° 9000113 #(1020) 233 K (1270)" 10323
w1(1400) 9000213* ha(1170) 10923 K, (1400)° 20313
p(1450)° 100113 £1(1285) 20223 K (1400)+ 20323
p(1450)" 100213 h1(1380) 10333 K*(1410)° 100313
m1(1600)° 9010113 K*(1410)* 100323
w1(1600)F 9010213 f1(1420) 20333 K1 (1650)" 9000313
1 w(1420) 100223 !
a, (1640)° 9020113 f(1510) 9000223 K, (1650) 9000323
a; (1640) 9020213 w(1650) 20223 K*(1680)° 30313
p(1700)° 30113 #(1680) 100333 K*(1680)* 30323
p(1T00)T 30213 £2(1270) 995 K3(1430)° 315
p(2150)° 9030113* £,(1430) 0000295 K3 (1430)* 325
p(2150)F 9030213 £1(1525) 235 K2(1580)" 9000315 |
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Value
.E+00
.E+00
LO082E4+01
LA1ZE400
L11552E4+01
LA952E400
.E+00
109953902 E-04
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.989591E-19
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.265E-12
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[ T T et N N I 1 R B e B 0 R B i o oy R e O e e o o Y oY o Y o o T o W O Y 1

[ Gev)

Errors
+0.
+0.
+6.
+5.
2E-03

+2

+Z.
+0.
+Z.
+5.
+5.
.0E-0O4

+3

+5.
+0.
+0.
+0.
+0.
+0.
+0.
+5.
. SE-07

+3

+5.
+a.
+a.
+1.
+1.
+3.
+3.
+1.
+5.
+1.
+1.
+1.
+1.
+1.
.2E-05
.OE-0Z

+3
+2

+4.
.2E-03

+3

+9.

QOE+00
QOE+00
OE-0z
OE-0z

aE-0O3
QOE+00
1E-11
QE-09
OE-zZ4

OE-15
QOE+00
QOE+00
QOE+00
QOE+00
QOE+00
QOE+00
QOE+00

OE-z21
QE-0O%7
OE-10
ZE-04
1E-07
OE-0O4
OE-0O4
ZE-04
OE-05
4E-04
aE-0O5
OE-0z
4E-03
4E-05

OE-0z

QE-03

-0.
-Z.
-5.
-5.
-Z.
-9.
-0.
-0.
-0.
-0.
-0.
-0.
-5.

-3

-5.
-f.
-5.
-1.
-1.
-d.
-d.
-1.
-9.
-1.
-1.
-1.
-1.
-1.

-3

[ Gev)
-0.
-0.
-5.

QOE+00
QOE+00
OE-0z
.OE-0Z
.2E-03
. 6E-03
QOE+00
1E-11
QE-09
OE-zZ4
6E-0O4
OE-15
QOE+00
QOE+00
QOE+00
QOE+00
QOE+00
QOE+00
QOE+00
. SE-07
OE-z21
QE-0O%7
OE-10
ZE-04
1E-07
OE-0O4
OE-0O4
ZE-04
OE-05
4E-04
aE-0O5
OE-0z
4E-03
4E-05
.2E-05
.OE-0Z
.OE-0Z
.2E-03
.OE-03

tau

nuie)
nuie)

nu i)

nu i)
nuitau)
nuitau)

T

pi

pi

pi

pi

eta

eta

rho (770
rho (770
omega [ Y52)
omega [ Y52)
eta' (258)
eta' (258)
f£(0) (250)
a(0) (250)
phi(10z0)
phi(10z0)
hil) (1170)
hil) (1170)
bil) (1235)
bil) (1235)

Charges

[ ]
-
+ + o000+ 000004+ +0000 4+ 40000000

[y ]
-

N

oo 4+ 4+ 00



¥ Palm products from Particle Data Group - Netscape

File Edt “iew Go Communicator Help

-

<« » 3 &4 o £ s &£ #F O LBAL

Back Fonward  Reload Home Search Guide Frint Secuity S-tl:up Metzcape 4.73

o§ " Bookmarks A Metsite: [Fitp://d0Ibl bl gor Avenwpdg/PalmPD G bl ; 17 what's Related

= (== \Document: Done

F

Palm products from the Particle Data Group

The Patrticle Data Group 15 potting some of our databases and mformation to the Palm computing ensarenment. This 15 just a beginning
We also give other physics related links below. Eeep those comments and suggestions flowing to PDG consultant John Erane
(krane@ihal zov) of PDG contact Tom Trppe (trppe@lbl zow).

Palm 0S"Emulator &

ﬂlParticle Data Book Description

(Palm Implementation)

Doz Lowder has contnbuted a Palm
implementation of the Particle Physics

111 ; - Physical Constants
Booldet containing tables of phjrs:n::al ared Asirophysical Comptants
astrophysical constants, and particle Gauge Bosons

properties. Mumercal walues can
copiedipasted mto Palm calculators. Zee
his Particle Diata Book page for more
nformation and download. This iz a
stand-alone application, 1.e. no other
application software 15 needed to use it
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Other PDG Data and Figures
Table of Particle Masses, Widths, ID#'s

This 15 a table of all elementary particles, isting particle name, charge, mass, width, and MMonte Carlo Particle ID number,

Confidence level vs chi-squared/n and n d.o.f.

This figure gives contours of fized confidence level as a function of the "reduced chi-squared” (=chi-squaredin) and the
mumber of degrees of freedom n. Curves are labeled by the probabiity that a measurement will grve a value of
chi-squaredin greater than that given on the v asas; e g for n=10, a value of chi-squaredin = 1.8 can be expected 3% of

the time.

Confidence level vs chi-squared for n d.o.f.

This figure gives the confidence level versus chi-squared for n degrees of freedom. The curve for a given n gives the
probability that a walue at least as large as chi-squared wall be obtained m an expenment; e g, for n=10, a value
chi-squared =18 will cccur i 2% of a large mumber of expenments.
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Future

e Palm Products
— Atomic and Nuclear Properties of Materials
— HEP Labs and Agencies Address, Phone List
— Full Particle Properties, including decay modes
— Better viewer for plots, including fixed axes, readout
— Booklet texts?

e Other Devices and Formats
— General (comma delimited) formats for Excel, etc.
— Volunteers to convert to specific Palm, other device apps.



